Purpose: Attention defi cit hyperactivity disorder (ADHD) is a common neurodevelopmental disorder in children persisting into adulthood. Evidence suggests that the condition is etiologically related to delayed brain maturation. The detection of the presence of neurological soft signs can be a means to assess neuromaturation. The objective of this study was to assess the prevalence of neurological soft signs in ADHD patients and determine any correlation between the presence of neurological soft signs with age, gender, severity and type of ADHD which could give further insights into this disorder. Methods: A cross-sectional study was conducted at the Child Neurology and Developmental Pediatrics outpatient clinic which included patients 6-18 years old diagnosed with ADHD as well as healthy controls. Patients with other neurodevelopmental conditions (intellectual disability, metabolic disorder, cerebral palsy, abnormal MRI fi ndings), or any condition that may lead to failure to complete the given tasks such as physical handicaps were excluded. Neurological soft signs were measured by utilizing the Physical and Neurological Evaluation for Soft Signs (PANESS) scale. Key Findings: A total of 48 patients between 6 and 18 years of age (24 ADHD patients and 24 healthy controls) were examined. Neurological soft signs were signifi cantly higher in patients with ADHD and were present regardless of gender, type and severity of ADHD. ADHD patients performed worse on the given tasks as evidenced by higher PANESS scores. There was a weak negative correlation between neurological soft signs and age indicating that soft sign scores decrease with increasing age. There was no statistically signifi cant difference in neurological soft sign scores between those with medication versus without treatment, except for dysrhythmia which was signifi cantly higher in the drug-naive group.
INTRODUCTION
Attention defi cit hyperactivity disorder (ADHD) is believed to be the most common behavioral disorder in children affecting about 5.2% of the school-age population globally. [1] The symptoms must be present before 12 years of age and it is characterized by hyperactivity/impulsivity, inattentiveness, or a combination of both. [2] According to the ADHD Society of the Philippines, an estimated 3-5% of the population aged 0-14 years old are affected with ADHD. [3] In the past 2 years, 6% of the patients seen at the Developmental Pediatrics Outpatient Clinic of the University of Santo Tomas Hospital have been diagnosed with ADHD. ADHD is not merely a descriptive behavioral disorder but affects areas of the brain subserving important executive functions such as problem solving, planning ahead, understanding others' actions, and impulse control.
Neurological soft signs (NSS) are nonstandard performance on a neurological examination of motor and sensory function in the absence of a focal neurologic defi cit. They are grouped into categories comprising of integrative sensory functioning, motor coordination and complex motor sequencing manifesting as poor coordination, speed or accuracy of the limb or axial movements, including those required to maintain balance, dysrhythmias, and overfl ow are often found during the clinical examination of young children. [4] The links between NSS in children with ADHD and their executive function, symptoms of inattention and hyperactivity-impulsivity remain unclear, but since ADHD is etiologically related to delayed maturation, NSS could be a tool to assess this. The examination for subtle signs, such as the speed of movement, dysrhythmia and overfl ow with timed movements provides important information that could increase our understanding of the neurobiological bases of ADHD and clinical implications of neurological soft signs. [4] Children with ADHD have been found to differ signifi cantly in terms of soft signs. Scientifi c contributions on NSS in ADHD have been reviewed and they support the occurrence of an alteration in the neural networks for motor control inhibition, at the base of the pathophysiology of NSS in children with ADHD, as well as a possible central role of dopamine in this neural circuit. [5] The revised neurological examination for subtle signs [6] is sensitive to soft developmental changes and reveals soft motor defi cits in the central nervous system development. Denckla proposed a clear distinction between ''soft signs'' that, although soft, is abnormal at any age and those that would be normal if found in a younger child. Though it is common to detect soft signs in typically developing younger children, the persistence of soft signs into later childhood and adolescence implies motor dysfunction and could be a marker for atypical neurological development. [7] In our review of the literature, there are no studies on this subject among Filipino children. This study aimed to assess the presence of neurological soft signs among ADHD patients in comparison with healthy controls, and determine the correlation of NSS with severity and type of ADHD.
This study aimed to compare the prevalence of NSS in ADHD patients and healthy children 6 to 18 years old who were seen at the Child Neurology and Developmental Pediatrics Clinic and to determine the clinical correlates of NSS in patients with ADHD.
METHODOLOGY
This was a cross-sectional study utilizing a scale conducted among ADHD patients and healthy children from March to October 2018 with a duration of 8 months.
The Physical and Neurological Examination for Soft Signs (PANESS) is a tool used to assess NSS by measuring salient components of motor function, including lateral preference, gait, balance, motor persistence, coordination, overfl ow, dysrhythmia, and timed movements.
In this Institutional Review Board approved study, purposive sampling was done. All patients diag-nosed with ADHD seen at the UST Hospital Child Neurology and Developmental Pediatrics Outpatient Clinic were screened. ADHD criteria based on the Diagnostic and Statistical Manual of Mental Disorders (DSM-5) was reviewed prior to inclusion. Children from the pediatrics outpatient with normal development were included in the healthy control group. The prenatal and birth history, as well as developmental and past medical history, were reviewed. A thorough physical and neurological examination was done. Those excluded from the study were the ones having other neurodevelopmental conditions such as intellectual disability, metabolic disorders, cerebral palsy and those with abnormal neuroimaging fi ndings. Children with a physical handicap as well as those who failed to complete the given tasks were excluded from the study. The principal investigator explained the study and informed consent to the parents and child during the outpatient consultation. Parental consent was then obtained. Verbal assent was obtained for patients who are aged 7 years old and above. For patients 12 to less than 15 years old, the simplifi ed assent form and parental consent were obtained. For patients aged 15 to under 18 years, a cosigned informed consent was obtained with parents. Each patient was provided a copy of the signed informed consent and/or verbal assent. The patients included underwent the examination for NSS using the PANESS scale. The data were then analyzed statistically.
Screening Tool
The revised PANESS scale consists of 21 items that test lateral preferences, gait and station, and coordination (10 of the items are timed). Items include various walking (on the heels, on the toes, and on the sides of the feet), rapid alternating movements and balancing tasks. PANESS is an observation scale with 21 questions involving gait, laterality, stance, quality of quick movements, impersistence, involuntary movement, speed and symmetry. [7] 
PANESS Administration
With the use of only a stopwatch and record sheet, the PANESS measures key components of motor function which include gait, lateral preference, motor persistence, balance, overfl ow, dysrhythmia and timed movements. Lateral preference of the hand, foot and eye is assessed by asking the child to demonstrate a variety of lateralized movements. The assessment of gait includes asking the child to ambulate while the balance is measured by making the child stand and then hop on one foot. The assessment of motor persistence and involuntary movements is a 3-part task: 1) standing with feet together and arms outstretched while fi ngers are spread and eyes closed, 2) standing with eyes closed, mouth open and tongue protruded, and 3) standing tandem. Finger-to-nose task checks motor coordination. The timed movements include three sets of repetitive and three sets of patterned tasks. Patterned actions are alternating patterns of more complex movements performed as quickly as possible. Repetitive motions are simple fl exion movements repeated as fast as possible, including hand-patting, fi nger-tapping and toe-tapping.
PANESS Scoring
Hand preference is determined based on task performance. The child is right-handed if the right hand was used to perform 9 or more of the 11 tasks. Gait scoring is done by counting the errors. Overfl ow actions documented during both gait and timed activities signify ineffi ciency in executing a motor task, and may represent failed inhibition of prepotent movement. The scoring for balance tasks is done by counting the number of hops and the amount of time for standing on each foot. For motor persistence, the amount of time standing with eyes closed is recorded. Choreiform movements are also recorded while doing all stationary tasks. "Axial" scores are the errors observed during gait and station tasks. During timed movements, overfl ow is categorized by the proximity of extraneous movement to the intended movement. The mirror overfl ow movements are unintended movements of the homologous muscles of the contralateral extremity. [8] The scores obtained from each section of the PA-NESS were expressed as four summary variables: (1) Total Gaits and Stations, (2) Total Overfl ow, (3) Total Dysrhythmia; and (4) Total Timed Movements. [18] Sample Size:
The target minimum sample size of 48 subjects was achieved, with 24 patients each for the control and children with ADHD group based on a level of signifi cance of 5% and power of 80%. The proportions of normal patients expected to have NSS are 50% (assumed) and 84% in the control and children with ADHD group, respectively.
Sample size formula:
Where: q 1 = proportion of subjects in the control group q 2 = proportion of subjects in the intervention group Z /2 = specifi ed size of the critical region (5%) = 1.960 Z /2 = chosen level of power (80%) = 0.842 P 1 = assumed proportion of subjects with observed NSS in the control group = 50% P 2 = assumed proportion of subjects with observed agitation in the intervention group = 84% [2] P = q 1 P 1 + q 2 P 2 = (0.5)(0.5) + (0.5)(0.84) = 0.67 N = minimum total number of subjects
Statistical Analysis

Univariate Analysis
Descriptive statistics were used to summarize the general and clinical characteristics of the participants. Frequency and proportion were used for nominal variables, median and range for ordinal variables, and mean and standard deviation for interval/ ratio variables.
Bivariate Analysis
Independent sample T-test, Mann-Whitney U/ Wilcoxon Sign rank test, and Fisher's Exact/Chisquare test were used to determine the difference of mean, median and frequency between groups, respectively.
Multivariate Analysis
One-way ANOVA and Kruskal-Wallis tests were used to determine the difference between mean and median of NSS scores.
All valid data shall be included. The missing data shall neither be replaced nor estimated. The null hy-pothesis was rejected at 5% alpha level of significance. Data analysis was done via STATA 15.
Ethical Considerations
The study was conducted upon approval by the Institutional Review Board and was preceded by written documentation of informed consent and/or assent. Participation in the study was purely voluntary and without fi nancial compensation.
The interviews were recorded only in writing, and not recorded via video nor audio. The responses and patient information were kept strictly confi dential by the primary investigator. A unique alphanumeric code was issued to each patient. The data will be stored in the primary investigator's personal database, which is password-protected and the anticipated duration of storage will be at least fi ve years.
Confl ict of Interest: All investigators of this study declare no confl ict of interest.
RESULTS
A total of 48 patients were included in the study for analysis. We evaluated NSS in a total of 48 children, 24 of whom were diagnosed to have ADHD. The average age in the ADHD group was 8 years and 79% were male. In the healthy control group, the average age was 9 years and 54% were male (see Table 1 ). Comparing the ADHD and healthy controls, we had similar characteristics in terms of age, sex and dexterity. There was no signifi cant difference in terms of perinatal and birth events between the ADHD and healthy control groups. In the ADHD group, 70% were reported to have a family history of ADHD, 75% currently on medication and 20% on occupational therapy (see Table 1 ).
ADHD was furthered classifi ed as type and severity in accordance with the DSM-5 diagnostic criteria. In the 24 children with ADHD, the most common type was the mixed type with 45.83% and of mild severity comprising 62.5% (see Table 1 .1).
We considered an NSS to be positive if the child scored above zero for that specifi c item. Across all categories, the children with ADHD had a higher proportion of positive signs except for "dysrhythmia and miscellaneous/involuntary" movements ( Table 2) .
We also compared actual motor function scores between the two groups. Similar to Table 2 , the scores were consistently higher across motor func-tion categories in the ADHD group (Table 3) . The median PANESS score in the ADHD group was 35, which was signifi cantly higher than that of the control group at 8.5 points (p <0.001).
Among the ADHD patients, the moderate severity ADHD group have higher scores; however, there was no statistically signifi cant difference in scores of NSS between mild and moderate ADHD (see Table 3 .1).
We have no statistically signifi cant difference in scores of neurological soft signs between inattentive, impulsive and mixed types except for "miscellaneous/involuntary," where the inattentive type had signifi cantly lower scores compared to impulsive and mixed types (see Table 3 .
2).
There was no statistically signifi cant difference in NSS scores between those with versus without medication, except for dysrhythmia which was significantly higher in the drug-naïve group (Table 3. 
3).
There was no statistically signifi cant difference in NSS scores between those with versus without occupational therapy ( Overall, there is a weak negative correlation between NSS and age. This indicates that soft sign scores decrease with increasing age. In the ADHD group, weak to moderate negative correlation was statistically signifi cant in the overfl ow movements and slow for age scores. In the control group, we also noted a weak and negative correlation between age and NSS for overfl ow and dysrhythmia scores (see Table 4 ).
We had insuffi cient evidence to demonstrate a difference in overfl ow scores between males and females (see Table 5 ).
DISCUSSION
Attention defi cit hyperactivity disorder (ADHD) is a disorder that manifests in childhood and may persist into adulthood with symptoms of hyperactivity, impulsivity, and/or inattention. [10] Besides the "core" symptoms, the motor ability of ADHD children is often signifi cantly poorer than it should be based on their age and level of intellectual functioning. [4] Several papers have already documented the presence of these soft signs, nonetheless, this study delved further on correlating PANESS scores with type and severity of ADHD. Attention was also given in investigating whether these scores could be a means to monitor the response to treatment. NSS is used as a screening tool for psychopathology and diagnosis of ADHD. [11] In the past, several standardized neurological test instruments in research and clinical practice have been used to identify and quantify NSS. One of the fi rst was PANESS [12] . In clinical practice, the revised neurological examination for subtle signs is sensitive to soft developmental changes and reveals soft motor defi cits in the central nervous system development. [6] The following points were identifi ed in our results: 1) across all categories, ADHD patients had a significantly higher proportion of positive soft signs except for miscellaneous/involuntary movements. 2) The PANESS scores in ADHD patients were significantly higher as compared to normally developing children. 3) There was no signifi cant difference in terms of NSS among the inattentive, impulsive and mixed ADHD types except for the miscellaneous/involuntary where the inattentive type had signifi cantly lower scores. 4) There was no signifi cant difference in the scores of NSS in terms of gender, severity and treatment of ADHD (except for dysrhythmia which was signifi cantly higher in the drug-naive group). 5) NSS scores decrease with increasing age.
To better understand the role of motor disorders in the gamut of manifestations of ADHD, we assess the specifi c areas of the nervous system involved in the production of movement. The main roles of the frontal lobe are superior executive function, emotional regulation and movement control. [13] Planning of complex behaviors is subserved by the prefrontal cortex, which then produces the complex sequences of movement suitable for the task, and the primary motor cortex is responsible for executing skilled movements. All these areas are connected to diverse subcortical structures forming subcortical circuits. [13] In addition to the prefrontal cortex, there is also the involvement of the basal ganglia and the cerebellum as evidenced by magnetic resonance studies. [14, 15] It has been proposed in neuropsychologic testing that patients with ADHD have impaired executive functions and/or diffi culties with response inhibition. [17, 18] These excessive movements seem to refl ect the immaturity of the neural networks involved in inhibitory control. [16] 
Statistical tests used: * -Wilcoxon rank-sum test; § -Independent sample T-test SFA -Slow for age
long been considered an important neuropsychological correlate of ADHD. [15] The current fi ndings in our study are speculated to be a manifestation of the "prefrontal-striatal" model of ADHD.
Clinical Correlates of NSS in ADHD
In our study, there is a weak negative correlation between NSS and age, indicating that soft sign scores decrease with increasing age. This was consistent with the results obtained by Azza [23] and Dickstein [5] , who found that older patients performed better on the NSS scale. This can be explicated by the hormonal events of puberty exerting profound effects on brain maturation and behavior. [24] More importantly, a decrease in soft signs with age is due to the integration of higher-order processes such as attention with a lower-level neuromotor inhibitory mechanism. [25] This is contrary to the study done by Hadders-Algra wherein NSS was shown to be low in the preschool age and that there was a steady increase in the frequency of soft signs. [26] Gender differences in NSS were insignifi cant in our study fi tting with that of the study done by Gustafsson, which showed higher scores in the male population but was not statistically signifi cant. [27] Interestingly, in the study by Larson and colleagues, there was a gender difference for timed patterned movements, but not for timed repetitive movements suggestive of the fact that the neural pathways and motor systems underlying patterned movement may mature differently in females than in males. [32] NSS was not signifi cantly correlated with the type of ADHD except for the inattentive type which had signifi cantly lower scores in terms of involuntary movements. Very few studies have focused on correlations between the types of ADHD and soft signs.
This fi nding is similar to one study wherein children with inattentive type ADHD had signifi cantly poorer fi ne motor skills, while children with combined-type ADHD were found to experience signifi cantly greater diffi culties with gross motor skills. [28] A study done by Patankar revealed that the inattentive type had signifi cant overfl ow movements which are indicative of delayed motor inhibition. [9] There was no statistically signifi cant difference in the scores of NSS between mild and moderate ADHD in our study in contrast to Patankar, et al. [9] wherein signifi cant scores were higher in more severe ADHD. When compared to normal children, ADHD children signifi cantly differ with respect to soft signs; the more severe the ADHD, the greater are the soft signs. There is a certain correlation of NSS with neurodevelopmental disorders such as ADHD. [29] There were no severe ADHD subjects enrolled in our study, but looking at the results, the moderate group showed higher scores though not statistically signifi cant and could be due to a low sample size. There was no statistically signifi cant difference in NSS scores between those with versus without methylphenidate medication, except for dysrhythmia which was signifi cantly higher in the untreated group. Likewise, there was no signifi cant difference in NSS scores between those undergoing occupational therapy and those who are not. This is somehow consistent with the results of the study by Rubia, et al. who demonstrated the effectiveness of methylphenidate on defi cits in motor timing in ADHD children and extended its use from the domain of attention and inhibitory functions to the domain of executive motor timing. [30] This is different from the study done by Azza and colleagues wherein NSS was not correlated with medical interventions. [23] All errors in particular items of the NSS examination are related to planning and controlling the action. The motor planning is related to the pre-supplemen- tary motor area and links between the prefrontal cortex, basal ganglia as well as the cerebellum. [27, 28] The effect of methylphenidate in lessening NSS is supposed to be on the dopamine reuptake in the basal ganglia, cerebellum and cerebral cortex interconnection. [4] Therefore, it could be considered that methylphenidate acts in similar regions and may improve NSS.
CONCLUSION
Multiple abnormalities of the motor system have been identifi ed in children with ADHD as compared to healthy controls including the persistence of overfl ow movements, impaired timing of motor responses and defi cits in fi ne motor abilities. A majority of the NSS in ADHD were those of slowness of performance during repetitive tasks and miscellaneous/involuntary movements during untimed tasks. The presence of excessive overfl ow movements in children with ADHD appears to refl ect the immaturity of the neural networks involved in inhibitory control. These NSS which are present in all patients with ADHD were noted to decrease with age. The prevalence of NSS is much higher in children with ADHD than in controls and may be of value in the evaluation of this disorder, to improve sensitivity in the diagnosis. An evaluation in motor function seems to be appropriate because children with ADHD and motor dysfunction in combination have a higher frequency of other problems such as obsessive-compulsive disease, depression and conduct disorder. [6, 18] NSS was not correlated with gender, type and severity of ADHD. The majority of the NSS had no signifi cant correlation in terms of treatment except for the dysrhythmia, which was signifi cantly lower in patients receiving methylphenidate treatment. We, therefore, suggest that evaluation of NSS may be useful to monitor the effectiveness of pharmacological treatment among individual patients where they will serve as their own control.
STRENGTHS, LIMITATIONS AND RECOMMENDATIONS
The inclusion of healthy controls made this study more valid. The inclusion of only ADHD without other comorbidities such as learning disability and psychiatric disorders has lessened the effects of possible confounding variables. The value of the present result is limited due to a number of reasons. Firstly, there was a wide age range (6-18 years) limiting the number of children at each age level. With greater numbers of children at each age level, more discrete age-related changes might be identifi ed, and better comparisons to performance could be made for all variables at each age level. Although our target sample size was met, only those with mild and moderate ADHD were included in the study. Larger sample size would still be recommended to increase the likelihood of measuring soft signs in severe ADHD patients. In addition, our sample was recruited from a single tertiary hospital, and therefore is not a nationally representative sample. Lastly, the normative data for PANESS was not of Filipino children, hence a possible avenue for future research on this aspect.
In an attempt to elucidate the role of NSS in ADHD patients, it is also worth exploring in future studies the effectiveness of pharmacological treatment by evaluating the motor functioning of ADHD patients at baseline and after treatment.
Additional studies on several aspects mentioned above will not only enhance our understanding of the biological bases of ADHD but will also add scientifi c evidence to the predictive value of NSS as indicators of the severity of functional impairment in ADHD as well as outcome predictors. 
